Introduction
Gastric cancer continues to be a major cause of morbidity and mortality worldwide (1) . According to the International Agency for Research on Cancer (IARC), one million new cases of gastric cancer are diagnosed each year, and gastric cancer causes over 700,000 deaths worldwide each year (2) . Despite an improvement in survival over recent years due to the development of better endoscopic and imaging techniques, surgical procedures and skills, and oncological treatments, its prognosis is still unfavorable.
Recently, there has been a growing interest in the host inflammatory response to tumors, and the systemic inflammatory response has been shown to reflect the promotion of angiogenesis, DNA damage, and tumor invasion through the over-production of cytokines (3) (4) (5) . Based on these findings, a number of inflammation-based prognostic markers such as the Glasgow Prognostic Score (GPS) and the platelet to lymphocyte ratio (PLR) have been studied (6, 7) . In addition, Elevated neutrophil-to-lymphocyte ratio is associated with nutritional impairment, immune suppression, resistance to S-1 plus cisplatin, and poor prognosis in patients with stage IV gastric cancer KENJI GONDA 1, 2 , MASAHIKO SHIBATA there is increasing evidence that the neutrophil to lymphocyte ratio (NLR) can be an effective prognostic indicator in various types of malignant diseases (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . In cancer patients, lymphopenia reflects an impaired cell-mediated immunity, while neutrophilia is acknowledged as a response to systemic inflammation. The NLR has been suggested to be a marker for general immune responses to various stress stimuli. The NLR has also been reported to correlate with the severity of clinical progress in severely ill patients in the intensive care unit; emerging evidence has shown that the NLR has a prognostic value in patients with solid tumors (19) (20) (21) .
To the best of our knowledge, no studies of NLR regarding responses to chemotherapy against gastric cancer, or its correlation with patients' nutritional status have been published. In this study, we therefore evaluated the clinical utility of the NLR in patients with stage IV gastric cancer under pre-treatment conditions.
S-1 (TS-1, Taiho Pharmaceutical Co., Ltd) is an oral fluoropyrimidine agent that is designed to have strong anti-cancer activity and to have reduced gastrointestinal toxicity compared to other anti-cancer drugs. It consists of tegafur, 5-chloro-2, 4-dehydroxypyrimidine (an inhibitor of dihydropyrimidine dehydrogenase), and potassium oxonate dehydrogenase (an inhibitor of phosphoribosyl transferase) in a molar ratio of 1:0.4:1 (22) . S-1 plus cisplatin has been reported have significant effectivity for unresectable or recurrent gastric cancer and is recognized as a standard therapy in Japan (23) (24) (25) (26) .
Cancer cachexia, another important problem in cancer treatment and care, is associated with nutritional impairment and immune suppression (27, 28) . We previously reported that malnutrition or hypoalbuminemia shows a good correlation with immune suppression, as well as with systemic inflammation (29) (30) (31) (32) (33) . Malnutrition has also been reported to show a good correlation with the suppression of cell-mediated immunity. Systemic inflammation may underlie these important conditions that are prominent in patients with advanced cancer. Relationships between the NLR and nutritional status or immune function were therefore also assessed in the present study.
Patients and methods

Patients.
We enrolled 110 patients with stage IV gastric cancer who received chemotherapy of S-1 plus cisplatin between May 2013 and June 2015 at Saitama Medical University International Medical Center. Details of these patients are listed in Table I . The study was approved by the institutional review board of Saitama Medical University International Medical Center (14-107). All patients provided written informed consent. This retrospective study was performed on all consecutive patients referred for chemotherapy treatment for gastric cancer after invasive diagnostic and staging workup at our unit. Data were extracted from electronic medical files. Patients entered in this study were aged 35-80 (66.2 median) years and had an Eastern Cooperative Study Group (ECOG) performance status (PS) of 0 or 1.
Markers for nutrition, immune reaction and prognosis.
The NLR was defined as follows: NLR=peripheral neutrophil count/peripheral lymphocyte count. Peripheral blood was drawn and was used for a PHA-lymphocyte-proliferation assay for measurement of the activity of cell-mediated immunity. The serum concentrations of prealbumin (PA) and retinol binding protein (RBP), which are both rapid turnover proteins (RTPs), were measured as nutritional parameters, using immunoturbidimetry and latex flocculation turbidimetry, respectively. The serum levels of c-reactive protein (CRP) were measured as an inflammatory indicator, using latex flocculation turbidimetry.
Chemotherapy with S-1 plus cisplatin. All of the patients received 80 mg/m 2 oral S-1 in two 40 mg/m 2 doses daily after meals on days 1-21 and cisplatin (60 mg/m 2 ) as an i.v. infusion on day 8, repeated every 5 weeks. The dose of S-1 was assigned according to body surface area (BSA) as follows: BSA<1.25 m 2 , 80 mg/day; BSA 1.25 to 1.50 m 2 , 100 mg/day, and BSA 1.5 m 2 or higher, 120 mg/day. This combination chemotherapy was repeatedly administered for a total of 4 cycles and the responses were then evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST), version 1.0. The patients who responded to this therapy (with stable disease or partial remission) received the same chemotherapy regimen, and those who did not respond to this treatment (with progressive diseases) received ramucirumab combined with paclitaxel and/or irinotecan as second and third line chemotherapy. Statistical analysis. SAS software version 9.2 (SAS Institute Inc, Cary, NC, USA) was used for statistical analysis. The significance of the correlations between parameters including the NLR was analyzed by the χ 2 test and a t-test. Survival curves were estimated using the Kaplan-Meier method and the log-rank test was used to compare the survival curves. P=0.042 was considered statistically significant. The patients were divided into 2 groups based on a cut-off NLR level of 3.0. The survival and the response to chemotherapy of the 2 groups were compared. Overall survival (OS) was defined as the time from the starting date of chemotherapy until death.
The results of Cox proportional hazards model analyzing factors associated with OS are shown in Table III .
Results
NLR and chemotherapy outcome.
Among the 110 patients with Stage IV gastric cancer enrolled in the study, 11 patients did not complete 4 cycles of the S-1 plus cisplatin chemotherapy because of grade 3 gastrointestinal adverse effects and a decrease in PS. The responses to chemotherapy based on RECIST criteria of the high and low NLR patient groups are shown in Table II . The percentage of patients with a partial response (PR) was significantly higher in the group of patients with a lower NLR than in the high NLR group (38.5 vs. 19.1%, respectively; P= 0.031) and the percentage of patients with progressive diseases (PD) was higher in the group with a higher NLR (57.4 vs. 25.0%, high vs. low NLR group, respectively; P= 0.044).
NLR and nutrition, immune response and inflammation.
Correlations of the NLR with patients' nutritional condition, inflammatory status, and cellular immune responses are shown in Figs. 1-3 , respectively. The levels of the NLR were significantly inversely correlated with the serum levels of prealbumin (Fig. 1A, P=0 .00006) and retinol binding protein (Fig. 1B, P=0 .00004). The NLR levels were also significantly correlated with the levels of CRP (Fig. 2A, P= 0.00007) , white blood cell count (Fig. 2B, P=0 .00009), and inversely did with SI (Fig. 3, P=0 .00003).
NLR and prognosis.
The relationship between the NLR and survival of stage IV patients with gastric cancer treated with S-1 plus cisplatin is shown in Fig. 4 . OS was significantly longer in patients with a lower NLR (≤3.0) than in those with a higher NLR (>3.0) (P=0.042). Range duration of follow-up was 1-1,514 days in the NLR>3 arm and 1-1533 days in the NLR≤3. Median OS was 931 vs. 1,034 days for NLR>3 vs. NLR≤ 3 [stratified hazard ratio (HR), 0.831; 95% CI, 0.513 to 0.972; log rank P=0.042]. Table III shows that patients with a lower NLR (≤3.0) was associated with a statistically significant improvement in OS compared with higher NLR (>3.0) (hazard ratio, 1.493; 95% CI, 1.054-2.138; P=0.017).
Discussion
The levels of the NLR were analyzed along with several clinical indicators in patients with Stage IV gastric cancer who were treated with an S-1 plus CDDP regimen as a first-line therapy. The present study has demonstrated that the NLR is a useful marker of malnutrition, systemic inflammation and immune suppression. Moreover, the NLR was demonstrated to be a prognostic indicator in these patients.
It has been reported that various inflammation-related markers such as CRP, the NLR or the GPS are influenced by the production of pro-and anti-inflammatory cytokines and are associated with a poor prognosis in various types of cancer (19) (20) (21) . In the present study, immune suppression appeared to be closely associated with an increased NLR since the levels of the SI were significantly inversely correlated with an increased NLR. We have previously reported that myeloid-derived suppressor cells (MDSC), which are suggested to increase with cancer or inflammation, are increased, and their circulating levels are related to a decreased SI, malnutrition and increased vascular endothelial growth factor (VEGF) in patients with cancer (32, 33) . We have speculated that immune suppression may also occur with increased MDSC that are activated by inflammation or with tumor-produced VEGF. Table III . Cox proportional hazards model of overall survival in patients with gastric cancer with receiving chemotherapy The reason for the associaton of tumor responses to chemotherapy with the NLR or systemic inflammation. It may be that because malnutrition, immune suppression and PS (performance status) are closely associated with each other in general, patients with a fair PS may have received a higher dose of chemotherapeutic drugs or, alternatively, more chemotherapy, or chemotherapy at a greater rate might have been administered to these patients after 4 cycles of S-1 plus cisplatin.
Another possibility, that of immunogenic cell death (ICD) after chemotherapy or radiotherapy, has been reported (34) (35) (36) . Moreover, recent studies of immune-checkpoint inhibitors have raised the possibility that lymphocytes of a cancer-bearing host can recognize neoantigens or tumor-specific mutation antigens (37) . Since a patient's immune function depends on systemic inflammation, the anti-tumor activity of cytotoxic T lymphocytes that recognize tumor cells may be suppressed in patients with high inflammation, and the response of these patients to chemotherapy and their prognosis might be poor.
In conclusion, the NLR, which is an inflammatory marker, is considered to be a useful marker for tumor response to chemotherapy, immune suppression, malnutrition and poor prognosis. However, because the NLR is thought to be easily influenced by infection or stress that is not caused by a tumor, ideally an appropriate NLR cut-off level needs to be investigated for its use as a marker in clinical practice. Furthermore, it is possible that the combined use of anti-inflammatory agents with chemotherapeutic agents may be more effective. Further investigations into these points are warranted.
